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ABSTRACT

Throughoutthe borealandtemperatezones,forestrestorationefforts attemptto counteract
negativeeffectsof conversionto otherlanduse(afforestationandremediation)anddisturbance
andstresson existingforests(rehabilitation).Appropriatesilvicultural practicescanbedesigned
for any forestrestorationobjective. Mostconimonobjectivesincludetimber,wildlife habitatfor
gamespecies,oraesthetics.Increasinglyotherobjectivesareconsidered,includingcarbon
sequestration,biologicaldiversity,non-gamemammalsandbirds, endangeredanimalsand
plants,protectionof waterquality andaquaticresources,andrecreation.Plantationforestry
remainsthemosteffectiveapproachto restorationof forestcoverto largeareas,andrecent
trendstowardmorecomplexplantationsareexploredin thecontextof afforestationin theLower
MississippiAlluvial Valley. Benefitsof convertingagriculturallandto forestsincludefinancial,
recreational,andenvironmentaloutcomes.Thelevel of outcomeobtained,andtherapidity of
realizingbenefits,is determinedby theintensityofrestorationefforts.
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INTRODUCTION

Forestcoverin populatedareasof theworld is in dynamicequilibrium with landclearedfor
agricultureand takenfor urban
uses.Forestcoverhasdeclined
globally, from an estimated6
billion haof “original” forestextent
to thepresent3.45 billion ha
(KrishnaswamyandHanson1999).
Thegreatestlossin coverhas
occurredin Asia-Pacific,Africa,
andEurope(all morethan60
percentlossof forestcover).Losses
in NorthAmericaarerelatively low
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(25percent),while Latin America(CentralandSouth)haslost over30 percentoftheoriginal
forestcover(Figure 1). Marketforces,changingtradepolicies,agricultural reforms,or
conservationeffortsdrive conversionof clearedlandbackto trees.Nevertheless,theareain
forestplantationsis only 135 million ha, althoughincreasing(Kanowski1997).

Manyareasremainingin forestcoverareexperiencingdisturbancesandstressesthatnegatively
affect ecologicalstability (Larsen1995)or maintainthe forestin a conditionthat canbeseenas
unsustainable(Krishnaswamyand Hanson1999).Global assessmentsof forestconditionidentify
thefactorscausinglossof forestcoveranddegradationof remainingforests,includingchanging
landuse,increasingdemandfor fiber, andexogenousstressessuchasglobal climatechangeand
lossofbiodiversity(Krishnaswamyand Hanson1999, WRI 2000).Throughouttheborealand
temperatezones,forestrestorationefforts attemptto counteractthesenegativetrends.

TheLowerMississippiAlluvial Valley (LMAV) hasundergonethemostwidespreadlossof
bottomlandhardwoodforestsin the UnitedStates(MacDonaldand others1979,Stanturfand
others2000). Besidesthe extensivelossof forestcoverby clearingfor agriculture,regionaland
localhydrologiccyclesweredrasticallychangedby flood controlprojectsthatseparatedthe
MississippiRiver andits tributariesfrom their floodplains. Deforestationanddrainageresulted
in a lossof critical wildlife andfish habitat,increasedsedimentloads,and reducedfloodwater
retention. Restoringthesefloodplain forestsis the subjectofconsiderableinterestandactivity
(Sharitz 1992,King and Keeland1999, Stanturfand others2000). Theobjectivesof this paper
areto placeforestrestorationin theLMAV into thecontextof sustainablemanagementandto
presentan overviewof restorationactivitiesunderwayandplannedfor thenearfuture.Plantation
forestryremainsthemosteffectiveapproachto restorationof forestcoverto largeareas,and
recenttrendstoward morecomplexplantationsareexplored.

TERMINOLOGY

changesin landuse

and landcover
Whatconstitutes
restorationcan
beconfusingas
the termis used
indiscriminately.
It is helpfulto
considerthe
dynamic
relationship
between
degradingand
restoring
processesin
light of two
dimensions,

Figure2. The terminologyof forestrestorationis bestviewedin termsof
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changesin landcover,landuse,or both. If weconsidertheundisturbed,idealizednaturalmature
forestasastartingpoint (Figure2), thenconversionsto otherlandusessuchasagricultureor
pasturearethroughdeforestation.Relativelyfrequentbutmoderatedisturbance(plowing,
herbicides,grazing)maintainsthenon-forestcover.

Similarly, achangein both landcoverandlanduseoccurswhenforestsareconvertedto urban
uses,floodedby dams,orremovedalongwith topsoil/overburdenin mining andextractive
activities. Suchdrasticconversionusuallyinvolvesseveredisturbanceandis maintainedmoreor
lesspermanentlyby structuresmorethanby culturalactivities(Figure2).

Even-agedharvestingof matureforestin asustainablemanneris a changeof landcoverbut not
landuse.A new,youngforestwill resultfrom naturalregenerationor by reforestation(i.e.,
plantingtreesin acutover).Unsustainableharvestingwithout securingadequateregeneration,
suchashigh-grading(manydiameter-limitharvestsorselectiveharvesting),degradesstand
structureor diversity.Forestcan alsobe degradedby pollutantloading,outbreaksof insectsor
diseases(especiallyexotics),invasionby aggressiveexoticplants,or by disasterssuchas
hurricanesor wildfires. In all theseinstances,interventionto restorespeciesdiversity orstand
structurecanbe termedrehabilitation(Figure2).

Givensufficient timeandthecessationof disturbances,agriculturalland aswell asurbanized
landwill revertto forest,if thatis the potentialnaturalvegetationassetby climate.
Abandonmentandreversionto forests,albeitsecondaryorevendegradedforesttypes,will be on
a time scaleof afew decadesto centuries.Humanintervention,however,canacceleratethe
reversionprocess.Afforestationof agriculturallandmayconsistof simply plantingtrees,
althoughtechniquesthat aremoreintensiveare available.Reclamationof urbanizedlandusually
requiresextensivemodification. This mayincludestabilizationof spoil banksorremovalof
watercontrolstructures,followed by treeplanting. Becauseseveredegradationmay limit the
possibilitiesfor reclamation,this is sometimescalledreplacement(Bradshaw1997).

Generally,restorationconnotessometransitionfrom a degradedstateto aformer “natural”
condition.All therestorativeactivities described(reforestation,rehabilitation,afforestation,and
reclamation)havebeencalledforestrestoration,althoughto thepuristnonewould qualifyastrue
restoration(Bradshaw1997, Harrington1999).In thenarrowestsense,restorationrequiresa
returnto an ideal naturalecosystemwith thesamespeciesdiversity, composition,andstructure
aspreviouslyoccurred(Bradshaw1997)andassuchis probablyimpossibleto attain(Cairns
1986).Pragmatically,it would seemthatthetermforestrestorationcould belimited to situations
whereforest land useaswell aslandcoverarerestored(afforestationorreclamation),and
rehabilitationto situationswherestructureor speciescompositionof anexistingforestis
modified. This approachis adoptedhere.

THE SUSTAINABILITY CONTEXT

The Continuum Model
We view restorationasan elementin acontinuummodelof sustainableforest management
(Walker andBoyer1993;StanturfandothersIn press).Thestateof theforestecosystemranges
from naturalto degraded.Levelsof statefactorssuchasbiomassor biodiversityin forests
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subjectedto disturbancefollow adegradationtrajectory,which shapeis characteristicto thestate
factor. At anypoint alongthetrajectory,recoverycanbeinitiatedoncethestressordisturbance
abates.Therecoverypatternis dividedinto threelevels: self-renewal,rehabilitation,or
restoration.In the self-renewalphase,theforestcanreturnto its original state,moreor less,
without humaninterventionin a relativelyshorttime. Naturalregenerationof forestsmanaged
for timberis anexampleof relianceon self-renewalprocesses.At intermediatelevelsof
disturbance,it will takelongerto recovernaturallybut the timerequiredmaybeshortenedby
humanintervention.Oneexamplemight berehabilitationby reforestationof forestsconsumed
by wildfire. At theirmostdegradedstate,forestsmayrecovernaturallyaftera centuryormore,
but in decadesby humanintervention.

Theforestthatresultsfrom restorationmayneverrecoverto theoriginal statefor all functions
(seeHarrington 1999 for a graphicalrepresentationof possibletrajectories).Ourusageof
restorationdiffers from theotherwisevery satisfactoryterminologyof Bradshaw(1997),aswe
do not acceptthe“ideal state”connotationhe gives it. If wecanmovetheecosystemfrom the
degradedto thenaturalstate,we can thendependuponself-renewalprocessesin managingthe
resultingforest. How quickly theforestmovesto theself-renewalphaseis afunctionof the
amountwearewilling to investto overcomethedegradedconditions.Thisline mayshift its
verticalpositiondependinguponavailablesilvicultural techniques.Thecontinuummodelnot
only avoidsthe meaninglessexerciseof specifyingan endpointfor restoration,but it offers a
broadercontextfor restorationon privateland.Landownerswith managementobjectivesother
thanpreservationareableto contributeto ecosystemrestoration(Stanturfandothers 1998a,
StanturfandothersIn press).

Common Challenges
Appropriatesilvicultural practicescanbe designedfor any forestrestorationobjective. Most
commonobjectivesincludetimber,wildlife habitatfor gamespecies,or aesthetics.Increasingly
otherobjectivesareconsidered,includingcarbonsequestration,biological diversity, non-game
mammalsandbirds, endangeredanimalsandplants,protectionof waterquality andaquatic
resources,andrecreation.Different outputsmaybe soughtfor eachobjective.The timber
managementobjective,for example,maybe for sawlogsandveneerlogs,or for pulpwood.
Appropriatemanagement,in particularrotationlength,will vary accordingto thedesiredproduct
size. Managingfor wildlife maybe thestatedobjectivebut differentwildlife speciesor species
groupshavedifferenthabitatrequirements,from matureclosedforeststo earlysuccessional
seres.Choosingtheappropriatesilvicultural techniquespresentsthechallengeof managingfor
apparentlyincompatibleobjectives. Slightmodifications,however,may havenegligible impact
on outcomesor outputsfor oneobjectivebut majoreffectson anotherobjective. Clarity of
objectives,combinedwith an adequateunderstandingoffeasiblegoalsdevelopedfrom
informationon currentconditions,allows thesilviculturist to choosea silvicultural systemthat
will maximizesatisfactionof multiple objectivesalthoughno singleobjectivewill be optimized.
Nevertheless,thechosensystemmaybeadjustedto minimizeimpactsonotherecosystem
functions,and manycomplementarybenefitswill beproducedin additionto theprimarybenefit.

Threestepsarekey to planningforestrestoration:(1) understandingcurrentconditions(thegiven
conditions,a startingpoint); (2) clarifying objectivesandidentifying anappropriategoal (the
desiredfuturecondition); and(3) definingfeasibleactionsthatwill movetoward thedesired
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condition.In mostcases,thesilviculturist hasseveraloptionsfor intervening,asthereare
multiple silvicultural pathwaystowardthedesiredfuturecondition.Thechoiceofintervention
affectsthefinancial cost,thenatureofintermediateconditions,andthetimeit takesto achieve
thedesiredcondition. It is imperativethat silvicultural decisionsaremadewith clearobjectives
in mind andwith anunderstandingof theprobability that a particularinterventionwill be
successful.

AFFORESTATION

Forestrestorationon landclearedfor agricultureis widespread,oftentermedafforestation.Land
wasabandonedor is consideredfor conversionbackto forestbecauseofinfertility, frequent
flooding, orothersite limitations. It shouldbe self-evidentthat thefirst stepin restoringaforest
is to establishtrees,thedominantvegetation.Although this is not full restorationin thesenseof
Bradshaw(1997),it is a necessarystepandfar from atrivial accomplishment(Stanturfand
others1998b,StanturfandothersIn press).Nevertheless,manypeopleobject to traditional
plantationson thegroundsof aestheticsor lackof standandlandscapediversity. Thecorrect
ecologicalcomparison,however,is betweenplantationsandintensiveagriculture,ratherthan
betweenplantationsanda maturenaturalforest(StanturfandothersIn press).All forest
alternativesprovideat leastsomeverticalstructure,increasedplant diversity, andsomewildlife
habitatand environmentalbenefits.Kanowski(1997)arguedfor a dichotomyin conceptsof
plantationforests,betweenthetraditional plantationsorganizedfor fiberproductionandmore
complexplantationsystemsthat seekto maximizesocialbenefitsotherthanwood. Restoration
goalscanbe metby developinga conceptof complexplantationsthatretaintheeconomicand
logistic advantagesof simpleplantations.

Advantagesof Simple Plantations
Simpleplantationsaresinglepurpose,usuallyeven-agedmonoculturesthatcanproduceasmuch
astentimesgreaterwoodvolumeasnaturalforests(Kanowski 1997). Simpleplantations,
nevertheless,providemultiple benefitswhencomparedto alternativessuchascontinuous
agriculture;if managedwell, they satisfysustainabilitycriteria.Significantadvantagesof simple
plantationsarethattheyeasilycanbeestablishedusingproventechnology,theirmanagementis
straightforward,andtheybenefitfrom considerableeconomiesofscale. If financialreturnis the
primaryobjectiveof a landowner,simpleplantationsmaybepreferredandsomerestoration
goalswill be attained(StanturfandothersIn press).Nevertheless,complexplantationscanbe
establishedthatprovidegreatersocialbenefit ata reasonablecost,perhapsaslittle as10 percent
of timberreturns(Kanowski 1997)orevenat anet financialgainto thelandowner(e.g., Stanturf
andPortwood1999).

Characteristics of ComplexPlantations
Objectionsto plantationsareoftencastin termsof aesthetics.Thesharpboundarybetweena
plantationandotherland usesis objectionable,asis the uniformity of treesplantedin rows. The
sharpedgesof plantationscanbe “softened”by fuzzy orcurvedboundaries,in orderto integrate
theplantationwith otherlanduses.Whereplantationsareon small farm holdings,agroforestry
systemsofintercrOppingcanblendlanduses.Forestedriparianbuffersareestablishedin
agriculturalfields to protectwaterquality by filtering sediment,nutrients,andfarm chemicals,
andtheybareasyaccessby livestockto streambanks.Riparianbuffersadddiversity to the
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landscapeandserveaswildlife corridorsbetweenpatchesof fragmentedforests.In floodplain
landscapessuchasbottomlandhardwoods,areasof permanentlysaturatedor inundatedsoil
(respectively,moist soil units and openwaterareas)arecommonand diversify theinterior of
plantations.

Severaloptionsareavailableto overcometheuniformity of rows. Perhapsthesimplest
techniqueis to offset therows.Uniform spacingbetweenrowsandbetweenseedlingswithin a
row is common,resultingin asquarepattern. Rowscanbe offset to produceaparallelogram
insteadof asquare.Alternatively, plantationscanbe plannedwith arecreationalviewerin mind
sothattheview from trails androadsis alwaysoblique to therows, therebyescapingnotice. At
any rate,oncethe canopyreachessufficientheight that groundflora andmidstoryplantscan
establish,most plantationstakeon theappearanceof naturalstands,at leastto thecasual
observer.

A moreseriousobjectionto plantationsis the lackof diversity, in termsof speciescomposition
andverticalstructure.Essentially,simpleplantationsarenotasdiverseasnaturalstands,atleast
for manyyears. Forestershavedevisedseveralmethodsto establishmultiple speciesstands.For
example,plantingseveralblocksof different speciesin a stand,orevenalternaterowsof
different speciesis possibleand createssomediversity at thestandlevel. Distribution, however,
remainsmoreclumpedthanwould be typical of a naturalstand.

Othermethodsareavailable,includingnursecropsof fastergrowingnativespecies(Schweitzer
and others1997)or exotics(Ashtonandothers1997,LambandTomlinson 1994). In this
approach,thereis no intentionof retainingthenursecropspeciesthroughouttherotationof the
slowergrowing species(this could alsobetermedrelayintercropping).While thenursecrop
methodhasmanyadvantages,andin theshort-termprovidesspeciesdiversity andprobably
vertical structure,oncethenursecrop is removedtheresidualstandmaylackdiversity. The
challengeis to developmethodsfor establishingseveralspeciesin intimatemixtures,suchas
would occurin anaturalstand,but avoidingexcessivemortality during theself-thinningor stem
exclusionstageof standdevelopment.Suchmethodsmustaccountfor thegrowthpatternsofthe
species,relativeshadetolerances,andcompetitiveability.

Vertical structureis an importantfeatureof forestsfor wildlife (DeGraaf1987,Twedtand
Portwood1997,HamelandothersIn press).Early stagesof standdevelopment,whetherin
naturalforestsorplantations,arecharacterizedby low light in the understoryuntil crowns
differentiate. In mostrestorationforests,little developmentof theunderstoryandmidstory
occursfor manyyears. Annual disturbancewhile in agricultureremovedburiedseedand
rootstocksof nativeplantsand low light levelsin theyoungforestprecludeunderstory
developmentfrom invaders.Themanagercaninterveneto plantunderstoryspecies;at present,
little researchaffordsguidanceon methods,plantingdensity,orprobablesuccessrates. As
indicatedabove,relayintercroppingprovidesverticalstructurefor a time. Naturaldispersalinto
gapscanalsoencourageunderstorydevelopment,whethergapsarecreatedby thinningor left
during planting(Allen 1997, Otsamo2000). The critical factorlimiting understorydevelopment
by naturalinvasionis whetherthereareseedsourcesfor the understoryplantswithin dispersal
range(ChapmanandChapman1999,Johnson1988).
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Afforestation ofBottomland Hardwoods

Restorationon theLMAV is drivenprimarily by actionson federallandandby federalincentive
programs,althoughstateshavetheir projectson public land(Newling 1990;Savageandothers
1989).Currentplansfor restorationon public andprivatelandsuggestthat asmanyas200,000
hacouldbe restoredin theLMAV overthenextdecade(Stanturfandothers2000).

Thedominantgoal of all restorationprogramsin theLMAV, whetheron public orprivateland,
hasbeento createwildlife habitatandimproveorprotectsurfacewaterquality (King and
Keeland1999). In practice,this meansafforestationofsmall areas(usuallyno morethan150
hectares)within amatrix ofactiveagriculture. While weknowhow to afforestmanysites
(Stanturfandothers1998b),recentexperienceillustratesthedifficulty of applyingthis
knowledgebroadly(StanturfandothersIn press).

Afforestationofbottomiandhardwoodsis aprocesswheresomethingcangowrongat any of
severalsteps(GardinerandothersIn press). Themostcritical stepis properlymatchingspecies
to site,particularlyto hydroperiod.Fewspeciescan toleratecontinuousflooding. Even those
fewthat canwithstandextendedsoil saturationandrootanoxiacannottoleratesubmersionof all
their leaves.Most flooding tolerantspeciescanbeplantedon drier sitesbut not thereverse
(Stanturfand others1998a). Soil physicalconditions,root aeration,nutrientavailability, and
moistureavailability areotherimportantsite factorsto consider.

Restorationon public land in theLMAV follows an extensivestrategyof low costperha
plantingor directseedingof heavy-seededspeciesof valueto wildlife suchasoaks. It relieson
nativespecies,plantedmostlyin single-speciesblockswithin plantationscontainingthreeor
morespecies.Choiceofspeciesto plant is guidedby toleranceto floodingandsoil
characteristics.Hardmastproducerssuchastheoaks(Quercusspp.)arefavoredfor their
wildlife valueandbecausetheyarethemostdifficult to obtainby naturalprocesses.Oaksare
plantedon widespacing(3.45m by 3.45 m) as 1-0 barerootseedlingsor direct-seededasacorns
on 1 m by 3.45 m spacing(to accountfor lower survival). Wind andwaterarerelieduponto
disperselight-seededspeciessuchasash(Fraxinusspp.),elm (Ulmusspp.),sycamore(Platanus
occidentalis),sweetgum(Liquidambarstyracflua),andmaple(Acerspp.)(Stanturfandothers
1998). Thelight-seededspeciesareneededfor richness,stocking,andto createforested
conditions(Haynesandothers1995).

Theextensivestrategythat predominateson public landhasshapedthefederalprogramsaimed
at privateland. Theappropriatenessof this strategyfor privatelandhasbeenquestionedfrom
severalperspectives(StanturfandothersIn press). First, wind andwaterdispersalof light
seededspeciesto thesesmall, isolatedtractsis reliableonly whennaturalseedsourcesarewithin
100 m (Allen 1990,1997). Failureto fill betweentheplantedoaksmeansincompletesite
occupancyby trees,lowerspeciesrichness,and longertimeneededto providestructural
diversity. Second,moreintensivestrategiesareavailablethat providewildlife benefitsand
restoreforestedwetlandfunctionsquicker. Manywildlife speciesat risk arethosethatrequire
forestsof complexstructure.Extensiveplantings,evenif fully successful,require60yearsor
moreto attaina desirablestructure(King andKeeland1999,Twedtandothers 1999). Third, the
stockingthat resultsfrom successfulrestorationunderfederalcost-shareprograms(i.e., 309
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stemsperhaat age3) will notbe sufficient to supportcommercialtimberproduction.Thelack
of merchantablevolumein theseunderstockedstandsnot only will constraintimbermanagement
but alsowill limit standmanipulationfor wildlife habitat,aesthetics,orforesthealth. Fourth,the
ability to sequestercarbonwill be significantly lower. Interestis increasingin afforestationto
obtaincarboncreditsundertheKyoto Protocol(SchlamadingerandMarland2000)andthe
critical periodfor creditsis between2008and2012,very earlyin thelife of standsplantednow.

Strategiesthataremoreintensivefor quickly establishingclosedcanopyforestsareavailable,
albeitat higherinitial coststhantheextensiveplantings. For example,amanagercanestablisha
closedcanopyforest 10 m or taller in threeyears,using fastgrowingnativespeciessuchas
Easterncottonwood(Populusdeltoidesvar. deltoides). Oneortwo yearsafterplanting, this
cottonwoodnursecrop is establishedandslowergrowingspeciesof oakcanbe interplanted
betweeneveryotherrow. Later, themanagermayinterveneto shapestandstructureand
compositionof thestandasit develops. Possibilitiesincludeharvestingthecottonwoodat age
10, in thewinterto maximizesproutregrowthand afford themanagera secondcoppicerotation
of thecottonwood,or in thesummerto minimizecottonwoodsproutingandreleasetheoak
seedlings(Schweitzerandothers1997). Thefull benefitsof this interplantingtechniqueare
being investigatedbutobservationsin operationalplantingsindicatethat significantwildlife
benefitsarerealizedwithin five years(TwedtandPortwood1997).

BENEFITS OF RESTORATION

Thebenefitsof restorationareusuallyidentified in termsof governmentprioritiesor social
benefits;seldomarethediverseobjectivesof landownersrecognized(but seeSelby andPetiijYsto
1995). In mostmarketeconomieswhererightsandobligationsofownershiprestwith private
landowners,whatis appropriatefor public land maynotbe themostattractiverestorationoption
for privatelandowners(StanturfandothersIn press).Nevertheless,therecanbeconsiderable
overlapin theexpectedbenefitsto societyandtheaffectedlandowner.Thearrayof possible
objectivescanbe illustratedwith a limited setof managementscenarios(Table 1).
Forsimplification,threescenariosarepresented:productionforest, conservationforest,or
preservationforest. Theproductionforestoptioncanbe furtherdivided into low versushigh
intensitymanagement.

Benefitsarecomprisedof financial,recreational,andenvironmentaloutcomes.Becausecash
flow is importantto manylandowners,andtheadjustmentfrom annualto periodicincomeis
oftencitedasabarrierto afforestation,financial benefitsmustbeconsideredasbothshort-term
and long-term(Amacherand others1998,Niskanen1999). Recreationalbenefits.arehunting
and non-consumptivebenefitssuchasbird watchingorhiking. Environmentalbenefitsare
separatedintoconservationpractices(suchasthoseinstalledto control soil erosionandprotect
waterquality or enhancewildlife habitat)andlandretirement,wherethereis no on-going
managementactivity.

Financial Benefits
Financialreturnsfrom activemanagement(productionorconservationforests)aresubstantial
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relativeto thepreservationor no-managementscenario.Fiberproductionwill drive expansionof
plantationsin manypartsof theworld (CarneiroandBrown 1999).Otherincomecanbe realized
by somelandownersfrom huntingleasesandpotentiallyfrom carbonsequestrationpayments
(Barkerandothers 1996). While thereis considerableuncertaintyoverthe accountingfor carbon
creditsunder theKyoto Protocol,thereseemsto be agreementthatafforestationwill be eligible
for offsetcredit (SchlamadingerandMarland2000). Currentprojectionsin theUnitedStatesfor
thevalueof a carboncredit areon theorderof $2.72to $4.54perton of CO2 sequestered,but
thevalueis muchhigherin Europe. In Norway,for example,thereis alreadyacarbontaxon
gasolineequivalentto $49 per ton CO2(Solberg1997). Estimatesfrom economicmodels
suggestthata carbontax of $27 to $109perton CO2would be necessaryto stabilizeglobal
emissionsat the 1990level (Solberg1997).Undertheseconditions,growingbiomassfor fuel
would becomean attractivealternativeto fossil fuel becausebiofuelshaveno net impacton
global carbonlevels.

Scenario

Production
Forest-High

Intensity
(Short

Rotation:
Pulpwood,
Fuelwood)

Financial
Short-term Long-Term

High High

ExpectedBenefit Level
Recreational

Hunting Non-
Consumptive

High Medium

Environmental
Conservation Land

Practices Retirement
Medium No

Production
Forest-Low

Intensity
(Long-

Rotation:
Timber,
Wildlife)

Conservation
Forest

Preservation
Forest

Medium

Low

Low to No

High

Medium

No

High

High

Low

High

High

Medium

High

High

Medium

No

Low

High
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Table 1. Expectedbenefitsfrom afforestation,dependinguponobjectivesandmanagement
intensity.

RecreationalBenefits
Theprimaryrecreationalbenefitsassumedin theexamplesarefrom creatingandenhancing
wildlife habitat. Not all wildlife speciesrequirethesamekind of habitat,sofor simplicity the
expectedbenefitscanbe separatedinto recreationalhuntingby the landowner(ratherthanlease
fees)and non-consumptivewildlife activities,suchasbird watchingor simplytheexistence
valueof wildlife to the landowner.

Environmental Benefits
Waterquality benefitsof afforestationaccruefrom reducingsoil erosion(JoslinandSchoenholtz
1998),andfiltering, retaining,andassimilatingnutrientsandfarm chemicalsfrom surfacerunoff
andgroundwater(Huangandothers1990).Greaterwaterquality benefitwill bederivedfrom
forestedriparianbuffers. Plantedforestedbuffer strips in an agriculturallandscapeare
uncommon,althoughseveralstudieshaveexaminedthefiltering actionof naturalforested
riparianzones(Cooperand others1987,CooperandGilliam 1987,Lowranceandothers 1983,
Lowranceandothers1984aandb, Lowranceandothers 1986,PeterjohnandCorrell 1984,Todd
andothers1983). Thesestudiesweresummarizedby Comerfordandothers(1992)who
concludedthat bufferstrips arequite effectivein removingsolublenitrogenandphosphorus(up
to 99 percent)andsediment.Theefficiency of pesticideremovalby forestedbuffer stripshas
beenexaminedin someenvironmentalfatestudiesthat concludedthatbuffer strips 15 m or
widerweregenerallyeffectivein minimizingpesticidecontaminationof streamsfrom overland
flow (Comerfordandothers1992).
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